




Quantitative sensory test; QST

Quantitative sudomotor axon reflex test, QSART



1. Peripheral nerve injury
- 근전도 positive : CRPS type 2
- 근전도 negative : A-δ or C-fiber

2. Peripheral sensitization

3. Central sensitization

4. Trigger Sympathetic nervous system

5. Neuro-inflammation
- microglia, astrocyte

6. Basal ganglia dysfunction 
- dopamine pathway, dystonia

7. Auto-immunity

8. Endothelial dysfunction



Anti-inflammatory agent 
(steroid, etc)

Peripheral Nerve Injury (A-δ or C-fiber); large-diameter nerve injury와 동반 유무

Peripheral Sensitization

Central Sensitization

Action Potential Threshold 감소

Action Potential Threshold 감소



Glutamate 
Sub P

VGCC

Calcium dependent triggering of 
synaptic vesicle fusion 

Primary sensory neuron

Long-term potentiation (LTP)

Action potentials
by Na+ Receptor







• Allodynia refers to central pain sensitization (increased response of 
neurons) following normally non-painful, often repetitive, stimulation. 

• Allodynia can lead to the triggering of a pain response from stimuli 
which do not normally provoke pain.

• Touch allodynia (9), Pressure allodynia (10), Cold allodynia (11)

Touch Allodynia

Pressure Allodynia

Cold Allodynia



Evoked pain = allodynia



Multimodal Medication Therapy

전제

1. CRPS 에서 Acute phase 에서의 main pathophysiology neuroinflammation 이다
(peripheral & central neuroinflammation). 

2. 그 이후에는 neuroinflammation이 아닌, long-term potentiation (LTP) 에 의한
central sensitization이 주된 pathophysiology 가 된다.

3. LTP를 막기 위해서는 pre-synaptic sensory neuron에서 substance P, glutamate
와 같은 neurotransmitter의 분비를 최소화해야 한다.

4. LTP를 막기 위해서는 post-synaptic sensory neuron에서 NMDA, AMPA Rc 와 같
은 수용체의 activation 을 최소화해야 한다.

5. 사람마다 CRPS의 통증양상이 다 다르듯, 발현된 주된 수용체도, 수용체의 발현정
도도 다를 것이다 -> 개별적 치료 (multimodal medication therapy)의 필요성.





①Baclofen (Prex®, GABAB A) or Clonazepam (Rivotril® GABAA A)

Diazepam (Valium® GABAA A)

Midazolam IV (GABAA A)  

Propofol (GABAA A)



②Tizanidine (Sirdalud®), Clonidine (Kapvay®)

- Centrally acting α2 adrenergic agonist                                                         

③ Gabapentinoids (Gabapentin or Pregabalin)
- Inhibitor of α2δ subunit-VGCC    

④ Cannabinoid receptor type 1 (CB1)



(ex. AMPA, NMDA Receptor) 

Glutamate

- Carbamazepine
(Tegretol)

- Lamotrigine
- Lidocaine IV

Pregabalin
Gabapentin



Pharmacologic options for CRPS: Post-synaptic

• NMDA antagonist (Ketamine)
• AMPA antagonist 

(Fycompa®, Perampanel)



• SSRI (Fluoxetine; Prozac®) (not recommended)
• SNRI (Velnafaxine; Efexor®, Duloxetine; Cymbalta®)
• Mirtazapine (increase secretion of Norepi & Serotonin)
• TCA (Amitriptyline: strong action on serotonin transporter and 

moderate effects on norepinephrine transporter)
• Dopaminergic agonist? (ropinirole; Requip®, pramipexole ;Mirapex®)



1. Peripheral sensitization (inflammation)
-Threshold 감소, AP 생성
-AP의 비정상적인 증가 (Na+ Rc 증가)

2.  Central sensitization
- increased NT (SubP, CGRP, Glut)
- neuroinflammation (Glia)
- post synaptic AMPA receptor 의 증가
- inhibitory interneuron의 loss

Long-term potentiation (LTP)



• The therapeutic range of ketamine makes it one of the safest sedative
agents for most emergency clinical and preclinical situations.

• In low doses, it causes analgesia and sedation, and in high doses, it 
produces general anesthesia.

• Time of onset: 30s, Duration of Action after dosing: 5-10 min for bolus dose

• Ketamine's half-life in plasma is approximately 2.3 ± 0.5 hours.

• Currently, three pain societies recommend intravenous dosing of ketamine 
for chronic pain at 0.5 to 2 mg/kg for one-day outpatient or three- to five-
day inpatient awake treatment with higher doses titrated to effect.



본원 Protocol (입원)

Ketamine IV: 5 +2 (휴지기) + 5

0.35mg/kg/hour (1.4mg/kg) for 4 hours 를 maximum dose 로 하고
1일차 maximum dose 의 50%
2일차 maximum dose 의 75%
3일차 maximum dose 의 100%

- 25mg/hour 를 넘지 않게 N/S 100 mL 에 mix 해서 4시간 동안 준다. 

- Unpleasant visual hallucination, nightmare 와 같은 high dose ketamine 부작
용을 예방하기 위해 시작 전 midazolam 2mg IV, ketamine 치료 시작 4시간 후
midazolam 2mg IV 를 같이 해준다.

- 약물에 대한 내성을 방지하기 위해 3개월이상의 term 을 두고 시행한다.

- With nasal O2 (2L), O2  Satuation monitoring, Flumazenil 0.5mg (상비)



본원 Protocol (입원)

Lidocaine IV: 

2% lidocaine을 용량 계산하여 normal saline 500mL 에 mix 하여 4시간동안 준다.
1일차 1mg/kg
2일차 2mg/kg
3일차 5mg/kg

- Maximum 5mg/kg 로 하여, side effect (dizziness, nausea..)가 없는 최대한의
범위로 올려준다. With EKG monitoring.

- Dizziness 등 부작용이 있을 경우 바로 전 dose로 준다.

- Midazolam 2mg 전 후 해주기도 함. 

- With nasal O2 (2L), O2  Satuation monitoring, Flumazenil 0.5mg (상비)

- 대부분 Ketamine IV 할 때 sedation이 문제가 되는 사람들은 midazolam 없이





2% Lidocaine 1cc = 20mg Lidocaine
2g Lidocaine = 2% lidocaine 100cc



• Peripheral nerve injury may maintain a 
central hyperexcitable state by continual
spontaneous discharge due to an abnormal 
concentration of sodium channels in the 
injured nerve trunk or its terminal twigs [1].

• Treatment with lidocaine and SP and 
CGRP antagonists delayed the onset of 
neuropathic pain by 1–4 days compared
with saline control rats [2].

1. Cepeda MS et al. Defining the therapeutic role of local anesthetic sympathetic blockade in complex regional pain 
syndrome: A narrative and systematic review. Clin J Pain 2002;18(4):216–33.

2. Lee SE, Kim JH. Involvement of substance P and calcitonin gene-related peptide in development and maintenance of 
neuropathic pain from spinal nerve injury model of rat. Neurosci Res 2007;58(3):245–9.



Increased number of Na+ 
Rc at injured Aδ & c-fiber







Group Ketamine Group Lidocaine Group Total

Number 39 6 45

Age (years) 51.62±11.09 54.33±5.72 51.98±10.53

Sex (Male : Female) 21 : 18 4 : 2 25 : 20 

Body weight (kg) 68.56±12.04 63.17±3.04 67.84±11.72

NRS at admission 8.26±1.49 8.75±1.08 8.32±1.44

NRS at discharge 5.20±1.30 5.83±0.68 5.29±1.24

Table 1. The characteristics of patients with CRPS in this study.





Group Ketamine Group Lidocaine Group Total

Gabapentin (%) 5 (12.8%) 0 (0%) 5 (11.1%)

Gabapentin dose (mg) 1060±444.97 (400-1600) 1060±444.97 (400-1600)

Pregabalin (%) 31 (79.5%) 5 (83.3%) 36 (80%)

Pregabalin dose (mg) 326.61±152.88 (75-600) 210±82.16 (150-300) 310.42±149.93 (75-600)

Tramadol (%) 2 (5.1%) 0 (0%) 2 (4.4%)

Tramadol dose (mg) 150±70.71 (100-200) 150±70.71 (100-200)

Acetaminophen/Tramadol (%) 14 (35.9%) 2 (33.3%) 16 (35.6%)

Acetaminophen/Tramadol dose (mg) 91.07±24.23 (75-150) 75.00 ± 0.00 (75-75) 89.06±23.22 (75-150)

Perampanel (%) 22 (56.4%) 2 (33.3%) 24 (53.3%)

Perampanel dose (mg) 3.82±1.62 (2-8) 3.00±1.41 (2-4) 3.75±1.59 (2-8)

Clonazepam (%) 35 (89.7%) 4 (66.7%) 39 (86.7%)

Clonazepam dose (mg) 0.87±0.4 (0.25-2) 0.75±0.29 (0.5-1) 0.86±0.39 (0.25-2)

Diazepam (%) 4 (10.3%) 1 (16.7%) 5 (11.1%)

Diazepam dose (mg) 2.5±1.0 (2-4) 2.0 ±0.0(2-2) 2.4±0.89 (2-4)

Lorazepam (%) 13 (33.3%) 4 (66.7%) 17 (37.8%)

Lorazepam dose (mg) 0.65±0.43 (0.5-2) 3±1.15 (2-4) 1.21±1.20 (0.5-4)

Amitriptyline (%) 6 (15.4%) 0 (0%) 6 (13.3%)

Amitriptyline dose (mg) 9.17±2.04 (5-10) 9.17±2.04 (5-10)

Baclofen (%) 1 (2.6%) 1 (16.7%) 2 (4.4%)

Baclofen dose (mg) 30.0±0.0 (30-30) 20.0±0.0 (20-20) 25±7.07 (20-30)

Mean ± standard deviation (minimum value – maximum value). 



Group Ketamine Group Lidocaine Group Total

Duloxetine (%) 33 (84.6%) 1 (16.7%) 34 (75.6%)

Duloxetine dose (mg) 49.09±32.53 (30-120) 30.0±0.0 

(30-30)

48.53±32.21 

(30-120)

Mirtazapine (%) 13 (33.3%) 0 (0%) 13 (28.9%)

Mirtazapine dose (mg) 20.19±9.87 (7.5-30) 20.19±9.87 (7.5-30)

Oxycodone (%) 7 (17.9%) 2 (33.3) 9 (20%)

Oxycodone dose (mg) 12.86±4.88 (10-20) 20.0±0.0 (20-20) 14.44±5.27 (10-20)

Tapentadol (%) 5 (12.8%) 0 (0%) 5 (11.1%)

Tapentadol dose (mg) 160±89.44 (100-300) 160±89.44 (100-300)

Fentanyl patch (%) 15 (38.5%) 4 (66.7%) 19 (42.2%)

Fentanyl patch dose (µg) 28.1±13.46 (12-50) 50 (50-50) 28.76±16.36 (12-50)

Buprenorphine patch (%) 6 (15.4%) 0 (0%) 6 (13.3%)

Buprenorphine patch dose (µg) 6.67±2.58 (5-10) 6.67±2.58 (5-10)

Carbamazepine (%) 5 (12.8%) 0 (0%) 5 (11.1%)

Carbamazepine dose (mg) 400.0±0.0  (400-400) 400.0±0.0 (400-400)

Quetiapine (%) 9 (23.1%) 5 (83.3%) 14 (31.1%)

Quetiapine dose (mg) 148.61±148.62 (12.5-400) 147.5±76.24 (12.5-200) 148.21±124.02 (12.5-400)

Zolpidem (%) 7 (17.9%) 1 (16.7%) 8 (17.8%)

Zolpidem dose (mg) 10.0±0.0 (10-10) 6.25±0.0 (6.25-6.25) 9.53±1.33 (6.25-10)

Mean ± standard deviation (minimum value – maximum value). 



NRS score at P1 NRS score at P2 NRS score at P3 NRS score at P4
P-value between periods

Ketamine group 9.83±0.33 (9-10) 8.32±1.52 (4-10) 5.20±1.30 (2-7.5)

P1-P2

P2-P3

P1-P3

<0.001*

<0.001*

<0.001*

Lidocaine group 9.83±0.41 (9-10) 8.75±1.08 (7.5-10) 8.42±1.28 (7-10) 5.83±0.68 (5-7)

P1-P2

P1-P3

P1-P4

P2-P3

P2-P4

P3-P4

0.048*

0.026*

<0.001*

0.175

<0.001*

0.001*

Total 9.83±0.34 (9-10) 8.39±1.46 (4-10) 5.68±1.73 (2-10) 5.83±0.68 (5-7)

P1-P2

P1-P3

P1-P4

P2-P3

P2-P4

P3-P4

<0.001*

<0.001*

<0.001*

<0.001*

<0.001*

0.001*

Mean ± standard deviation (minimum value – maximum value). 
P<0.05 is considered to be statistically significant.



• Start steroid treatment as soon as possible !

• 환자마다 약에 대한 반응이 다를 수 있기 때문에, multi-modal medication 

을 환자에게 설명과 더불어 환자의 통증 반응정도에 맞추어 적절히 사용하자. 

• Intravenous ketamine or lidocaine 이 refractory neuropathic pain 에 중요한

치료중의 하나일 수 있다.

• 치료라기 보다는 manage 하는 질병이라는 것에 대한 교육 필요.



예시: 56세 남자

4년 전 산재로 우측 하지의 수상. Sural nerve injury. 

Lyrica, Enafon, Ultracet Semi, Fentanyl Patch, Celebrex 복용하고, 

간헐적인 목에 SGB 시행하며 지냈으나 통증이 조절 안되어서 내원.

1. Steroid pulse treatment -> 효과 없음.

2. Lyrica 75mg bid 효과 -> 150mg bid dose up

3. Rivotril 0.5mg 1t 효과 -> 1t bid 로 dose up.

4. Baclofen, Sirdalud, Cymbalta 효과 없음.

5. Fycompa 2mg 효과 -> 5mg 증량 side effect -> 2mg 다시 감량.

6. Ketamine IV -> 효과, 3개월동안 효과 유지. 
3개월마다 입원하여 Ketamine IV 시행. NRS 3-4 유지.



예시: 40세 남자

한달 전 Deltoid 부위 TPI 후, 찌릿하면서 팔까지 저린 신경통증 발생. 
진단위해 본원 내원. 손이 붓는 느낌, 땀도 많이 난다. 근전도에서 이상 없음. 

1. Steroid pulse treatment -> 효과 있음. 3회까지 시행.

2. NRS 1-2 정도의 통증 남아 Neurontin 100mg bid 효과
-> 300mg bid dose up 후 total improved.

예시: 36세 여자

이주일 전 엉덩이 NSAID 주사 후, 찌릿하면서 다리까지 저린 신경통증 발생. 
진단위해 본원 내원. 발이 붓는 느낌. 근전도에서 이상 없음. 

1. Steroid pulse treatment -> 효과 있음. 2회까지 시행.

2. NRS 1-2 정도의 통증 남아 Neurontin 100mg bid 후 nearly total improved.



예시: 64세 남자

5년 전 전기감전을 당한 후 CRPS 발생. 

SCS 까지 하였으나 통증이 재발하여 다시 통증 조절위해 내원함.

통증으로 인해 만성알콜중독. 정신과 다니는 중. 

1. Steroid pulse treatment -> 효과 없음.

2. Lyrica 75mg bid 효과 -> 150mg bid dose up

3. Rivotril, Baclofen, Sirdalud, Cymbalta 효과 없음.

4. Fycompa 효과없음.

5. Ultracet Semi ER 효과 -> Ultracet ER 로 증량.

6. Ketamine IV + midazolam IV for 10 days->필름이 끊기면서 병동에서 난동

7. Lidocaine IV without midazolam for 10 days 
NRS 10 -> 5로 조절양상 (한달~두달정도 유지)



Thanks for Your Attention!
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